The preparation of a tetradeoxy anthracyclinone is described. The key reaction is the cyclization of the acetylenic coumarin 10 to anthraquinone 11. Interestingly, the related model system 12 failed to cyclize. The transformation of 11 into the desired compound 13 was effected by straightforward reactions. The key intramolecular cyclization reaction is also useful for the preparation of phthalide quinone 7.
butyllaluminum diethyl etherate ( [ a I z 6~ +22.28" (c 6.17, pentane)),13 was prepared as previously described.14 All the organoaluminum compounds were stored in sealed capillary glass vials in weighed amounts. The organoaluminum dichlorides were prepared from the trialkylalane by the redistribution with crushed anhydrous AlC13 in diethyl ether at 0 0C.3 The solvents were commercial reagent-grade materials, purified by standard methods and redistilled under nitrogen from LiAlH4 before use. GLC analyses were performed on a Perkin-Elmer 3920 B instrument with flame-ionization detectors and using 200 X 0.29 cm columns packed with 8% Carbowax 20M plus 2% KOH on 80-100-mesh Chromosorb W, while preparative GLC was carried out in a Perkin-Elmer F-21 chromatography (300 X 0.80 cm columns, 8% Carbowax 20M plus 2% KOH on 80-100-mesh Chromosorb W).
'H NMR spectra were obtained by using a Varian A-60 spectrometer. Optical rotations were measured at the 589.6-nm sodium line with a Perkin-Elmer 142 automatic polarimeter.
General Procedure. All reactions were carried out at least in duplicate under a dry nitrogen atmosphere. In a typical small-scale reaction, a three-necked, 25-mL, round-bottomed flask was fitted with a stirring bar, a glass stopcock, a Versilic silicone cap, and a sealed angular piece of glass tubing containing 10.21 mmol of AlCl,. The vessel was charged with 10 mL of ether and cooled at 0 "C, and i-Bufi (5.11 "01) was added from the sealed capillary glass vials. The reaction flask was then turned so that the solid AlCl, dropped into the trialkylalane solution. After a 5-min agitation, the ether was removed at reduced pressure (0.1 torr), and benzene (72.82 mmol, 6.47 mL) was injected by hypodermic syringe through the cap at the same temperature, followed by the ketone (14.56 mmol). The resulting mixture was stirred at room temperature (ca. 25 "C) for the desired time of aging. At intervals, samples of the mixture (0.4 mL) were withdrawn by a 500-jtL hypodermic syringe and quenched in 10% HzSO4 solution (1 mL); quantitative and qualitative analyses of the reaction products were performed by GLC on the crude mixture. All products were isolated by preparative GLC, and when necessary their structures were deduced from 'H NMR and mass spectra.
Asymmetric Reduction of Isopropyl Methyl Ketone. The following procedure is representative of all the experiments. Isopropyl methyl ketone (24.05 mmol, 2.12 g) was added rapidly at 0 "C to a benzene solution (10.7 mL) of (S)-(2-methylbutyl)-aluminum dichloride (25.32 mmol) in a flame-dried, two-necked 100-mL flask. A light yellow coloration developed immediately and faded slowly. After 3 h, the benzene was accurately removed at 0.1 torr, 25 mL of pentane was added, and the resulting mixture was cautiously hydrolyzed with dilute sulfuric acid, extracted with pentane, washed with a dilute NaHC0, solution, and dried (Na2S04). Removal of the solvent and distillation afforded (+)-(S)-3-methyl-2-butanok 2.07 g (93% yield); bp 113 "C; [a]=D +0.52" (neat)!
In an another experiment, isopropyl methyl ketone (26.08 mmol) was reacted in benzene (11.6 mL) with (S)-(2-methylbuty1)aluminum dichloride (27.45 mmol). After 3 h, the volatile prod~cts'~ were removed at reduced pressure (300 torr), and the reaction mixture was stirred at room temperature for additional 21 h. Hydrolysis was accomplished as above, and the organic products were extracted with pentane. Preparative GLC purification afforded 2-methyl-2-phenylbutane [NMR (CDC1,Me4Si) 7.30 (5 H, m, C&)] and (-)-(R)-3-methyl-2-phenylbutane: bp 86 "C (21 torr); [aIz5D -2.05" (neat).g Additional Experiments. 2-Methyl-1-butene (0.87 g, 12.39 mmol) was added to [ (2-butyl)oxy]aluminum dichloride (12.39 mmol), prepared from 2-butanol and isobutylaluminum dichloride, and the mixture was stirred at room temperature. After 3 h, the olefin, recovered at reduced pressure, was shown to contain 23% of 2-methyl-2-butene. Another run was carried out in benzene (5.5 mL) for 24 h. After hydrolysis with dilute sulfuric acid, GLC analysis of the pentane extracts showed the presence of 2-phenylbutane (53%), 3-methyl-2-phenylbutane (15%), and 2-methyl-2-phenylbutane. 
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(15) A mixture of 2-methyl-1-butene (81%) and 2-methyl-2-butene (19%) was recovered together with traces of benzene.
The preparation of a tetradeoxy anthracyclinone is described. The key reaction is the cyclization of the acetylenic coumarin 10 to anthraquinone 11. Interestingly, the related model system 12 failed to cyclize. The transformation of 11 into the desired compound 13 was effected by straightforward reactions. The key intramolecular cyclization reaction is also useful for the preparation of phthalide quinone 7.
As a consequence of the potent biological activity exhibited by the anthracyclines, several synthetic approaches to this class of molecules have been reported.2 While slightly diminished biological activity compared to the parent compounds. However, regiochemical control of the A ring relative to the D ring is not necessary. This represents a considerable synthetic simplification. Recently, 11-deoxyanthracyclines have been isolated and shown to display similar biological activity to known anthracyclines. Importantly, they had fewer dose-limiting side effects? At the onset of our work, no analogue had been prepared that lacked hydroxyl groups a t C-4, (2-6, C-9, and C-11. The synthesis of this analogue is the subject of this paper. was to extend the reaction to the synthesis of naphthophthalides and then elaborate the lactone subunit to the A ring. The synthetic plan (outlined in Scheme I) began with the methoxymethyl ether 2 of commercially available lawsonea6 This compound was reductively methylated, metalated with n-butyllithium in ether, and transformed into aldehyde 3 by the addition of N-methylformanilide. ' We had previously synthesized6 4, which was transformed into the desired propargyl ester 5. Attempted cyclization The comparative facility with which 6 cyclized is probably attributable to the prior breakup of the aromatic character of the central ring by oxidation. Quinone 7 was characterized by UV, IR, elemental analysis, and mass spectroscopy. Unfortunately, 7 was insoluble in all common NMR solvents, including Me2S0. The insolubility and inertness of 7 prompted us to modify the overall plan.
The new plan centered around the creation of the entire A ring by intramolecular cycloaddition. The reaction of aldehyde 3 with keto triester 8 produced 9 in 80% yield. Keto triester 8 is prepared in six steps from diethyl malonate.
The cyclization of 9 could not be achieved. Synthesis of a Modified Anthracycline upon heating at 230 "C for 2 h. Interestingly, 12, an analogue of 10, was also prepared and subjected to various thermolysis conditions. The cyclization does not occur.
crystallizes to a waxy solid (mp 33-34 "C) on storage in the refrigerator. The yield is 4.3 g (82% To a suspension of 3.28 g (10 mmol) of ethyl ester 4 in 50 mL of 95% ethanol is added a solution of 10 g of KOH in 10 mL of water. The mixture is refluxed for 2 h, cooled to room temperature, and acidified with concentrated hydrochloric acid. The acidified mixture is partitioned between methylene chloride and brine. The organic layer is dried and concentrated in vacuo. The crude carboxylic acid thus obtained is sufficiently pure for the next step or it can be recrystallized from acetone/95% ethanol, mp 250-252 "C (dec). The carboxylic acid is suspended in 50 mL of chloroform and 5 mL of thionyl chloride is added. The solution is refluxed for 2 h and concentrated in vacuo. The last traces of thionyl chloride are removed by adding benzene followed by concentration in vacuo. The crude acid chloride, a crystalline substance, is suspended in 50 mL of methylene chloride and cooled in an ice slush bath. To this is added 5 mL of pyridine followed by 3 mL of propargyl alcohol. The mixture is stirred overnight at room temperature, diluted with ether, and washed with 1 N hydrochloric acid and then brine. After drying and concentration in vacuo, crude crystalline 5 is obtained and is sufficiently pure for the next step. The yield of 5 is 2.7 g (80%): mp 192-194 "C (ethyl Quinone 6. To a suspension of 2.7 g of propargyl ester 5 in 40 mL of acetic acid is added 10 mL of concentrated nitric acid. The orange suspension becomes a yellow solution and then a yellow precipitate forms. The mixture is stirred an additional 10 min and poured into 250 mL of water. The precipitate is filtered, washed with water, and allowed to air-dry. The crude product is recrystallized from acetone. Yield of 6 is 2. Lactone 7. A suspension of 2.0 g of quinone 6 in 15 mL of toluene in a sealed tube is placed in a silicone oil bath heated to 230 "C. The initial reaction mixture becomes a light-brown solution after 10 min. After approximately 1 h the product crystallizes from the hot solution. After cooling, the product is fiitered and dried on the vacuum pump. The yield is quantitacive and the lactone 7 is obtained in analytical purity. No NMR spectrum could be obtained on this substance due to its extreme insolubility. 
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This novel synthetic approach to the anthracycline skeleton shows promise for the construction of a variety of A-ring analogues. The plan is a convergent one that could also be useful for development as a regiospecific sequence, provided that suitable CD subunits can be constructed.
Experimental Section
General Procedures. Melting points were taken on a Fisher-Johns melting-point apparatus and are uncorrected.
NMR spectra were determined in the indicated solvent on a Varian A60 or Hitachi Perkin-Elmer R-20B spectrometer; tetramethylsilane was used as an internal standard. Infrared spectra were determined as a neat film or Nujol mull on a Beckman IRA250 or Beckman Acculab 2 spectrophotometer; only significant bands are reported. Exact mass determinations were obtained on a AE1 MS-902 high-resolution mass spectrometer. Elemental analyses were performed by Galbraith Laboratories, Inc., Knoxville, TN.
1,4-Dimethoxy-2-hydroxy-3-naphthaldehyde (3). To a solution of 4.6 g (21 mmol) of 2 in 80 mL of acetone is added a solution of 15 g of sodium dithionite in 80 mL of water. The mixture is stirred at room temperature for 13 h. It eventually becomes a solution. Most of the acetone is removed under reduced pressure. A solution of 15 g of KOH in 35 mL of water is added in one portion. A light-green solution is obtained. After the reaction mixture is cooled, 30 mL of dimethyl sulfate is added. The green coloration disappears within a few minutes. After a few minutes the ice bath is removed and stirring is continued at room temperature for an additional 7 h. The reaction mixture is extracted twice with ether, and the combined extracts are washed with brine, dried, and concentrated in vacuo. The crude product is chromatographed on silica gel (100 g) with hexane-ether (3/1). The pure product is obtained as a colorless oil, which cooled in an ice slush bath, is added a solution of 8.0 g (50 "01) of diethyl malonate in 10 mL of dry tetrahydrofuran. After hydrogen evolution has ceased, 10.45 g (50 mmol) of tert-amyl bromoacetate in 10 mL of dry tetrahydrofuran is added. A white precipitate forms quickly. The mixture is refluxed for 6 h, cooled, and poured into 100 mL of 3 N hydrochloric acid. The aqueous mixture is extracted with ether and the ether extract is washed with brine. After drying and concentration in vacuo, the crude product is subjected to shorbpath distillation. To a hexane-washed suspension of 1.2 g of 50% NaH in 30 mL of dry tetrahydrofuran is added a solution of 7.2 g (25 mmol) of the above triester in 10 mL of tetrahydrofuran. After hydrogen evolution has ceased, 7 mL of propargyl bromide (20% toluene) is added by syringe. A white precipitate that forms is refluxed for 5 h, cooled, diluted with ether, and washed with 1 N hydrochloric acid and then brine. After drying and concentration in vacuo, the crude product is obtained in 90% yield and is sufficiently pure for the next step. An analytical sample was obtained by bulb-to-bulb distillation, oven temperature 120 "C ( The crude acetylene obtained in the previous reaction is dissolved in 50 mL of benzene and 5 mL of trifluoroacetic acid. The solution is refluxed for 16 h and concentrated in vacuo. The crude product is chromatographed on silica gel (150 g) with hexane-ether (3/1). The purified acid is obtained as a viscous oil in 84% yield from the triester: IR (fii) 360&2600,3300,1750 To a solution of 5.1 g (20 mmol) of acid in 100 mL anhydrous ether is added in portions 1.1 g of 50% NaH. After hydrogen evolution had ceased, the mixture is cooled in an ice slush bath and 2.5 mL of oxalyl chloride is added cautiously. A precipitate forms. The mixture is stirred at room temperature for 2 h and filtered. The filtrate is concentrated in vacuo. To a solution of the oily residue in 60 mL of methylene chloride (cold) is added 5 mL of pyridine and then 3.6 g (25 mmol) of Meldrum's acid. Stirring is continued at room temperature for 5 h. The mixture is diluted with ether and washed with 1 N hydrochloric acid (2x) and brine. After drying and concentration in vacuo, the oil is dissolved in 50 mL of methanol and is refluxed for 8 h. After concentration in vacuo the crude product is chromatographed on silica gel (150 g) with hexane-ether (3/1). The pure P-keto ester
